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Techniques for Accurate Power Integrity Measurements, Faster
with Your Oscilloscope
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Oscilloscopes: Primary Tool for Power Rail Analysis

ROHDE&SCHWARZ Power Integrity Measurements



Rohde & Schwarz Oscilloscope Portfolio

Www.scope-of-the-art.com

Best for power integrity

HD Multi
| 16bit [[[IM Domain |
RTO2000
i ‘, 600 MHz ... 6 GHz
e
HMO3000 \ Kl
< 300 MHz ... 500 MHz| RTM2000 e
-_g / 200MHz ... 1GHZ | 06 Mz . 2 GHZ
2
o HMO Compact
@ HMO1002/1202 § - /) ™ 200pMHz RTH1000 .
50 MHz ... 300 MHz 60 ... 500 MHz Power Ral'
Probes / Accessories / Software
ROHDE&SCHWARZ
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http://www.scope-of-the-art.com/

Common Power Integrity Measurements

I PARD (Periodic and Random
Disturbances): noise, ripple (V,,),
transients

1 Static and dynamic load response

1 Supply drift

A
Vout A
VOUt
i M F “ PARD
W
DC Output
Supply Drift Time >
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Power Rail Measurement Challenges
Lower rail voltages and smaller tolerances

500 mV,,

10%

Easy tp measure

(5

Examples
o) _ —
e Rail Tolerance | Need to
© 5%
5 Value measure
l9 Hard to Measure 3.3V 2% 66 mVpp

| Y e T

| 66 mV,,
! Vo 1.8V 3% 30 mV,,
e | : :
! : l 12V 2.5 % 30 mV,,
! : . 1V 3% 30 mV,,
12v 5V 33V 18V 1V
DC Rail
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Several Factors Make It Difficult to Measure Small Signals

A - Scope & probe noise

Wy
Need to measure I /\{\/\/\/\ 1 'i M , | Wé “«\}" Scope Measures
F i ‘J “ Il

J

>



RT-ZPR20 Power Rail Probe

1 Designed uniquely for Attenuation 1:1
measuring small

) Probe BW 2 GHz®
perturbations on power
rails Browser BW 350 MHz
Dynamic Range +850 mV
I Active, single-ended probe  Offset Range > +60 V
_ ) Noise
I Low noise with 1:1 Scope (RTO) standalone 107 pV AC s
. Scope + Probe Noise 120 pVv AC, s
attenuation (at 1 GHz, 1mV/div)
Input Resistance 50 kQ @ DC
I Bestin class offset R&S ProbeMeter Integrated
compensation capabilit :
P P y Coupling DC orAC

() 2.4 GHz band visible due to slow frequency roll-off
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RT-ZPR20 Power Rail Probe
Active probe head main cable and solder-in cables

Direct connect to SMA

SMA to 2-pin Socket

(male or female options)

ZBX00SAMS-P (reference sell)
http://www.zebax.com/index_files/page1044.htm

ROHDE&SCHWARZ March 2017  Power Integrity Measurements



/PR20 Power Rail Probe Browser (included standard)
350 MHz BW, 1:1 active probe, uses passive probe accessories

SMT clip

e

N
.l A IL‘ Grqund
g o0 ‘ ‘ |\" m‘ springs
= Q0 | Y]
= CoO 2.5mm
probe tips




RTO/RTE Oscilloscopes + Power Rail Probe

.II\un\

Vpp with statistics

Built in R&S 16-hit
ProbeMeter shows DC
voltage

\
High BW shows
\

coupled sources

Lﬁ
i \IIIHIIII
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/PR20 ProbeMeter

Benefits P8 a@BEF®E 0 | | e
Diagrami: chi e ! orizontal
1 ShOWS DC Value even |f N ProbeMeter 1 [ x) |
signal if off screen '

alibration Results Probes@.g

1 Quick way to determine 1 e M e sl sueniion,
needed offset . B

e
|:’| Logarithmic

D Use AutoZero
Micro button action

Auto attenuation

ile |Horizontal |Trigger |Vertical |Math |Cursor Meas Masks Search |Analysis Display |Tutorials
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ZPR20 AC Coupling

e N e T == Fa 1N [ =
1 d - : [ O 2017-03-13 HD
B en e |tS L ) v 1g:29:26 [ EW
1 Horizontal

1 Quickly move from power ProbeMeter 1 M |
1 1 . = 3.204 v

rail to power rail to £
measure noise/ripple

Setup Probe Attributes Calibration Results

without having to adjust own  probe  Parameter Additional - : 1
DC offset with each one. = Bl e obereter

active single-ended | 0V i
e | Detect AutoZero =
_ﬂ i AC Coupling _ —

Bandwidth D Use AutoZero Attenuation

:J Micre button action

Probe unit
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Top Concerns for Power Integrity Measurements

Waveform Visibility

Measurement accuracy

Frequency domain evaluation of coupling/switching
Time required to find worst-case violations

e
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Waveform Intensity

Default — 50% Adjusted to 90%

2017-03-16  HD
31:16 U2

1 l""'\w M W wf' fi »““‘.; it mr'"!”‘\\ "“\‘"\H gl | \’”Hl |l \"WIM |“\l“n T M‘“N\'\T‘Ni l‘\\;r"u‘!"‘\‘\‘“\

888 File |Horizontal Trigger Vertical Math Cursor Meas Masks Search Analysis Display Tutorials
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Infinite Persistence

2016-12-14
20:26:04

2016-12-14 A
20:26:55 X

Current +Peak -Peak mu (Avg) RMS StdDev Event count | Wave count

Meas 1 B
Peak to peak 42688 mv | 43.083mv|  42.095my/  42.459mv] 42459mv|  237.09 v aa aa

Statistics:

Current +Peak “Peak mu (Avg) RMS StdDev Event count | Wave count
Meas 1 @
Peak to peak. 4249 mV 43201 mV ALTmY 42392mV 42393 mV 270.64 ¥ 1036 1036

statistis:  (TTITNED
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Color Grading

I More easily identify pixels that are hit less frequently.
1 See how often anomalies occur

2016-12-14
20:26:55

Benefits:

2016-12-14 /0
:27:40 X

mu (Avg) StdDev Event count | Wave count | Current +Poak -Peak | mu(Ave) | RMS | stdDev Event count | Wave count
Meas 1 @

Peak to perak 41897 mV | 43281mV AL7mV 42.365mV 42.366mV | 27542V 765 765

statistis:  (ETTTD

Peak to peak 4249mv 43281 mv 41.7my  42392mV 42.393mV  270.64 pV

Statistics:

ROHDE&SCHWARZ March 2017  Power Integrity Measurements 16



Top Concerns for Power Integrity Measurements

2. Measurement accuracy
= Choose a scope with low noise
= Use the most sensitive vertical setting
= Limit BW to what is needed
= 1 MQ vs 50Q path?

= Choose the right probe (attenuation, BW, and connection)
= Achieve sufficient offset

ROHDE&SCHWARZ March 2017  Power Integrity Measurements 17



Noise Limits Power Rail V,,, Measurement Accuracy

Consequences
Signal (DUT)

Large measurement

1 . .

: deviation

1

v

WMWWMVWWMVWMMN I Noise I Measured Vpp >>

: Actual Vpp

1

\4

Can mask/hide
anomalies
< Scope
display
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50Q) Check at 1 mV/div

Scope vendors characterize V.. in datasheets, but not V,

2017-03-13  HD ﬁ 2017-03-13  HD
18:02:26 U EW 18:02:26 [ W
H

izontal

| Vpp = 1.19 mV (max)
@ 1 GHz BW, @ 1 mV/div

106 uV
i Q lV/iv

Current -Peak. mu (Avg) RMS StdDev Event count  Wave count &n Peak -Peak. mu (Avg) RMS StdDev Event count  Wave count

Meas 1 @)
892724V 98546 WV 986,154V 36.908 uV 5123 5123 Peaktu peak 97548 0¥ 1.1912m 892724V 98546 WV 986,154V 36.908 uV 5123 5123

mﬁ;‘j"’“' 101110 106410y | 100580 101064V 101.06wV 35236V 5123 5123 oy T CATMY 10058V 1006w 10L06wW 352360V 5123 5123
Statistics: Statistics:

File Horizontal |Trigger Vertical Math Cursor Meas Masks Search |Analysis Display Tutorials = File |Horizontal |Trigger Vertical Math Cursor Meas Masks Search |Analysis Display Tutorials

R&S RTO2000 Series
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Characterizing Your Scope’s Vpp Noise in 5 Minutes

1. Disconnect all inputs

2. Set sample rate (e.g.10 Gsa/s), memory depth,
(e.g.1 Mpts), path, and BW to mirror your
requirements

3. Turn on Vpp measurement with stats for
channel 1

4. Adjust vertical setting to cover the smallest
vertical setting you will use

5. Record V, value

6. Repeat for all other vertical scales that you
may use.

7. Repeat for all channels that may be used (will
have variation from channel to channel)

(Can perform with probe attached.)

,_
-

(s}
o
a
=
(e
=]
&)
.
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Choose a Scope That Has Low Noise

Comparison Between Two Oscilloscopes with Equivalent Bandwidth

100 1 GHz Noise Compare Noise unique to
s / specific scope
% 10 -~ families, and BW-
s // dependent
[ 1
&
b 5X
2 ¥ —Brand T(1GHz) Scope manufacturers
S ——RTO 2K (1GHz) characterize Vrmes,
0.01 T T T T T T T T T 1 nOt Vpp
g § § § § & S ~ 8 8
S 85 8 & § § § &

Vertical Scale (full scale)




Use Most Sensitive Vertical Setting Possible
50Q) Input: No inputs connected

All other settings are identical

2 mV/div

- 008 300 e
Meas Results &d

~Peak mu (Avg) RMS. StdDev Event count  Wave count Current e -peak mu (Avg) RMS stdDew EVENt count  Wave count
g -] Meas 2 @)
Peak to peak 5079 my 27801 mY  2.7906mY  130.64 p¥ 104 104 Peak to peak Lid4d my 10277 my | 10841m¥  L0B4SmV FLGTSuV 106 106

statistics:  ([ETID statistics:  (ITTD

=88 File Horizontal Trigger Vertical Math Cursor Meas Masks Search Analysis |Display Tutorials a8 Flle |Horizontal [Trigger Vertical Math Cursor Meas Masks Search Analysis |Display Tutorials

Use the smallest V/div setting to get the most accurate measurement (lowest noise)
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Noise Compare: Time Domain vs Spectral Content

No inputs connected

EEEEHIEEE M
T T ' T T

Noise initime domain

O e o e R e

Current +Peak | -Peak mu (Avg) RMS | stdDev Event count | Wave count

221.99 p¥ 226.18 p¥ 220.97 pv 222.69 p¥ 222.69 pv 602.34 n¥ 1008 1008

288 Filz Horizontal Trigger Vertical | Math | Cursor Meas | Masks Search Analysis | Display Tutorials

ROHDE&SCHWARZ March 2017  Power Integrity Measurements

Noise in time domain

jfreq domain form 0 to BW
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Reduce Noise with BWL Filters

50 Q path, No inputs connected

a 2016-07-13 HD
22:42:55 (1]

All other settings are identical

e A B 4GHz Vpp=254mV Highestnoise

Meas 1

Peak to peak 20553 my¥| 24506 mV | 1.9368m¥ 21599 m¥| 2.1614mV| 82,407 uv 2008 2008 2 M V — 2 V
= Hz Vpp = 0. m

Peak to peak 474.31 v 592.89 uv 434.78 u¥ 500.35 p¥ 501.02 pv 25.893 pV 2008 2008

ﬁ:‘:ifw 276.68 uv|  316.214v | 237.15u¥  274.95u¥ 275.3u¥ | 13.954 v 2008 2008 M 20 M HZ Vpp = 0_316 uV Lowest I’]OISG

288 File Horizontal Trigger | Vertical | Math | Cursor | Meas Masks |Search |Analysis Display Tutorials

BWL for noise reduction. Ensure signal harmonics you care about are in the BWL filter you set.

ROHDE&SCHWARZ March 2017  Power Integrity Measurements 24



How Much BW Do You Need?

2017-03-16  HD 2017-03-16
15:37:40 [ EN e emre BB

Horizontal

Meas Results |

Current +Peak -Peak mu (Avg) RMS StdDev Event count  Wave count

Current +Peak -Peak mu (Avg) [ StdDev Event count  Wave count
Meas1 B
Peak to peak 30735mv 31.802mv|  30.085mv|  30.979 mv 30.98myv | 262.87 uv 513 516 e [ ] ot
Peak to peak 20051 mV | 40.467 mV| 38.954mV| 30.627mV| 30.627mV|  240.81 v 520 520 H-Position

Statistics: (TN
— [

anm | : ) : . )
oD Flle flelaenEl Tilgeer Wil b Cuiser (s (ke Seaidi Aielels Elsply ikl 288 [File [Horizontal ‘Trigger Vertical Math |Cursor Meas Masks Search |Analysis Display [Tutorials

ROHDE&SCHWARZ March 2017  Power Integrity Measurements 25



How Much Bandwidth Do You Need?

|t depends.

Diagram1: Ch1 k3.

Meas2 @

Peak to peak

ROHDE&SCHWARZ

How much is needed here?

2017-02-03
01:31:45

How much is needed here?

2017-02-14  HD
20:37:39 [ EW

ntal

Current
Meas 1

Result Table: Meas 1 Peak to peak

["11 50kHz|'23. dBm

2...GHz/50.5 dBrn

79.447 my

Statistics:

Current

20.134 my

Event count  Wave count L“

- li'!'E'!iIili'li!!f

+Peak -Peak mu (Avg) RMS StdDev

20.632 my 20.04mv|  20.318mV  20.319mV 193.34 pv 16 16 ~

March 2017 Power Integrity Measurements

+Peak -Peak mu (Avg) RMS StdDev. Eventcount  Wave count

82.213mv| 78.261mV  B0.764mV| BO.774mV|  1.3404mv

< Switching freq

26



Choice of using 50Q vs 1MQ

1 TMQ path provides better 500 MHz Noise Compare
loading...but only has 500 MHz
BW, and typically more noise.

I Best approach is to use 50Q
(quieter path) with a specialized
probe that provides better
loading.

===RTO 50 Ohm
==-R&S RTO 1 Mohm

Oscilloscope Noise (mV)
o
[

0.01

! MV/di,
2 MVsqi,
smV/djV
Wmy,,
ZOmV/dJu

Full Scale Vertical (V)




Choose the right probe

(i\\



Measurement Accuracy: Noise Due to Probe Attenuation Ratio

Q‘ N . S,
10:1 (10 mV/div) > 1:1 (10 mV/div) g

a 2017-03-16 ~ HD g 2017-03-16  HD
15:49:18 [ J 15:40:21 [

Horizontal ] T T T T T Horizontal
10 . 10

Trigger

Current +Peak -Peak mu (Avg) [ StdDev Eventcount  Wave count - mu (Avg) RMS stdDev Event count  Wave count
Meas 1 [ g s
Peak to peak 45251mv 45251mv @45251mv|  45251mv 45.251my ov 1 1 Peak to peak 33.808mv  33.808m 33.808mv 33.808mY 33.808 mV ov 1 1
Statistics: Reset

@88 File Horizontal Trigger |Vertical Math Cursor Meas Masks Search Analysis Display Tutorials 888 File Horizontal Trigger |Vertical Math Cursor Meas Masks Search Analysis Display Tutorials
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Measurement Accuracy: Using Most Sensitive Vertical Setting

-

Using max built-in scope offset Using built-in probe offset

(@ & %8 & (m] iy

tal

LCGEACIOIOISIEI0

IIHIIIIHHIII\HIlI!HllIHHIH'H||ll1|'|ll\|l||l\|'lllH!III\HIIHHIllHHIIHHIIHHIIHHII

ProbeMeter 1 [N X )

‘E[ 2438V
2.4V rail

ProbeMeter 1 [FEV)( X )

P: PRELRY
2.4V rail

@100 mV/div, Vpp

@5 mV/div, Vpp = 42 mV

fddbd LR R

— qms 3 me 2m Ve as ims 2ms £y 4

Current +Peak -Peak mu (Avg) RMS stdDev Event count  Wave count

Current +Peak -Peak mu (Avg) RMS stdDev Event count  Wave count

Meas 1 @
Peak to peak A1502mv | 42.292m¥ 4L107mV | 41533my¥ | 4153wy 170.06 0V 15508 15588

statistics: (LD

288 File Horizontal Trigger Vertical Math Cursor Meas Masks Search |Analysis Display Tutorials

Meas 1 @
Peak to peak 67.194my | 75009mY¥ | 67.194m¥ | 69.078mY | 69.111m¥ | 21296 my 644 644

staistics: (@EETTIND

888 File Horizontal Trigger Vertical Math Cursor Meas Masks Search Analysis Display Tutorials
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Challenges with Insufficient Scope Offset

AC coupling mode and blocking caps eliminate ability to see DC value

CE#EeREEHTIEEE0 Ol | IClRINYERERCEI0
- - Y T T T T ] Rl o ) Y

Scope'shows 8V

288 File Horizontal Trigger Vertical Math Cursor Meas Masks Search Analysis Display Tutorials 888 File Horizontal Trigger Vertical Math Cursor Meas Masks Search Analysis Display Tutorials

Can’t zoom in (1V offset on RTO @ 20 mV/div)————  Can bring to center screen and zoom in
User can’t tell absolute vertical value
User can’t see DC offset issues
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Challenges with Insufficient Scope Offset

AC coupling mode and blocking caps eliminate ability to see DC changes

DC Drift @\

DC blocks With ZPR20

see low freq DC changes

ROHDE&SCHWARZ March 2017  Power Integrity Measurements 32



Measurement Accuracy: High BW Needed for High Frequency Transients

Q .\ Both 1:1 Probes %

Z]ll -8 @E@@@:}J:@m I8 @& E )
S Probe BW = 38 MHz BT oo Probe BW = 2 GHz =
: Vpp = 42mV

“Pesk mu (Avg) RMS. StdDev Eventcount | Wave coust

Meas 1 @
Peak to prak ANAISMV  I2016mY  Z0ASEmV J0017 @V 30123 mY 602,65 gV 2994 2004

Sas Flle Horizontal Trigger Vertical Math Cursor Meas Masks Search Analysis Display Tutorials

1:1 ZP1X passive 38 MHz BW 1:1 ZPR20 active 2 GHz BW
Captures high-frequency transients

ROHDE&SCHWARZ March 2017  Power Integrity Measurements 33



Making Most Accurate Power Rail Measurements

2. Frequency domain evaluation of coupling/switching

ZPR20 + RTO:
2 GHz BW to capture high-frequency transients (2.4 GHz typical 3dB point)
@" HW-accelerated FFT
% \ Color graded FFTs



See Switching

B800«@EHQAEEEIHE @ WA

Horizontal
100 ps / 10 GSa/s

3.2806 V.
9.9976 MHz

888 File Horizontal Trigger Vertical Math Cursor Meas Masks Search Analysis Display Tutorials

Switching (low freq FFT)
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Finding Coupled Signals

2017-02-14 HD
20:37:39 [ Em

Ch1Wfm1

Current +Peak -Peak mu (Avg) RMS. StdDev Eventcount  Wave count
Meas 1
Peak to peak 79.447 m¥ | 82.213m¥| 78.261mV  80.764mV  80.774mV 13404 mV ]

statistics: (I

s jiel ln:m
Iullmlll il l i"il
e LT O M TN O OR[N

EMI Coupllng
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Zone Triggering in Frequency Domain

. .I\ﬂl.l..g.. £ [0 e
1 Unigue to R&S RTO . | -

1 Trigger if scope finds
power violations at
specified frequencies

Meas Results 3

Current +Peak | -Peak mu (Avg) RMS stdDev Event count | Wave count

Meas 1 @

Frequency 833.32 MHz 838.54 MHz 811.45 MHz 824.92 MHz 824.95 MHz 7.8523 MHz 72 72

Statistics:

Diagram2: M4 E

... File | Horizontal | Trigger Vertical |Math Cursor Meas Masks Search Analysis Display Tutorials
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Making Most Accurate Power Rail Measurements

2. Frequency domain evaluation of coupling/switching
3. Time required to find worst-case violations

RT-ZPR20 + RTO:
Up to 1 Mio wfms/s (1000X faster than other scopes in class)
@‘\ Measurements with statistics
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Find Worse-case Violations Faster
Example: 5 Seconds of Measurements

R CECCRCEED T I CECD e

0.03228)

=
ik ds 9 &9 s i -~ gy A i ds 2 A
eas Rosu
beak mu (Ava) RMS stdDev Eventcount  Wave count Current +Peak Peak mu (Avg) RMS stdDev Eventcount  Wave count
Meas 1 @
B54mY 32646mY 32717m¥ 21451 my 341 341 Peak to peak 363648 39.921my pASAmY | 32.635m¥ | 32704mv | 21201 my 7048 7048
Statistics: se

888 File |Horizontal Trigger Vertical Math Cursor Meas Masks Search |Analysis Display Tutorials 888 File Horizontal Trigger Vertical Math Cursor Meas Masks Search Analysis Display Tutorials

Emulating competitive update rate of 100 wf/s >5000 Vpp measurements in 5 seconds
< 500 Vpp measurements in 5 seconds
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Fast Update Rate (up to 1 Mwfs/s)

B8@FEQAR®EHI@HER @)
C ””""'

ProbeMeter 1 (B[ X )

Fast update rate shows
modulated signal on
power rail.

Difficult to see on
scopes with slower
update rate.

Gives an indication
that a freq domain view
IS needed

i A
FEFTE L

I g e
-5 o6y R0 ] EENIE [EEE 18 51z} [ ] R 25 orc]
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/PR20 Recommended Configuration

I RTE 1 GHz + ZPR20 Power Rail
= Economic solution for many
power integrity problems

1 RTO 4 GHz + ZPR20 Power Rail
= Top end solution, covers
EMI coupling > 2 GHz
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